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SUMMARY

Section I

•~~ It has been determined that representative cu l ture filtra tes from
two different strains (Hl97 and 74-114) of enterotox igenic E. 

~~fl containat least two diffe rent forms of heat-labile enterotoxin. One form of entero-
toxin appears to be complex and partially insoluble; and on the basis of
chromatographic properties , contai ns molecules of hi gh molecular weight .~ ’.
(ranging in size from about 2xl05 to about 20xl1~ ). The other form of
enterotoxin appears to be a single polypept lde chain of about 68,000 mo l ecular
wei ght and it shares at least one common antl genic determinant with cholera
toxin. The distribution of these forms of enterotoxin depends on whether
or not trypsin activab le activity is taken Into account. It is the
comp l ex, i nsoluble form of the enterotoxin which is activa ted by trypsin
and the excision of a Hprotein~ may be involved . The nature of the
relationship between the forms as well as the mechanism of thei r activation
by trypsin remains to be elucida ted .

Section Ii

~1t has been determined that i nsol ECT stimulates rabbit circulating
antitoxin specific for E. ~~jj ente.otoxin (sol uble) and that trypsin-activa ted
i nsol ECT is more antigen ic than unactivated insol ECT. In contrast, it was
determ i ned that cholera (ga) toxoid , with or wi thout adjuvant , stimulates
antitoxin capable of neutralizing both cholera and~~. coli enterotox i ns .~( Most
important , it was shown that a combined anti gen formula consisting of both
E. coli and cholera anti gens is capable of stimulating antitoxin titers far
greater than € ithe r antigen alone. These findings may have important impli-
cations in the design of a vaccine capable of providing long-lasting protection
against diarrhea l disease .

Section III

~~It has been established that the enterotox i genic E. coil strain , 74—114 ,
and its heat -labile extrace llular products , soluble and insoluble ECT, are
each capable of eliciting si gnificant secretory responses in the ligated
rabbit loop mode l for diarrhea . In addition , it has been shown tha t such
secretory responses may be partially reduced when the samp les are ac~nInistered
in the presence of LBTI , an Inhibitor of trypsin -like proteo l ytlc enzymes. ‘.../
The results suggest that in vlvo proteolytic activation of at least one forfn
of the enterotoxin (Inso l uble) may play a role in pathogenicity , althoug h a
conc l us i ve demonstration of this has been hampered by the i nability to contro l
certain experimen ta l variables . In~addition , a comparative study of E. coli
74-114 and I naba 569B indicates tha t the latter strain is at least 102 — l0~times more pathogenic. (Preliminary results wi th Ogawa 395, a more typica l
cholera vibrio pathogenic strain , is in agreement wi th this observation.) This
finding is consisten t wi th propertie s of various purified and partially -purified
E. coli enterotoxin prepa rations wh i ch show a marked reduction in specific
activi ty when they are compared wi th cholera toxin.

Li
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I. Par tial purification and characterization of heat—l abile Escherichia
coil enterotoxins

A. Introduction

One of the major prob l ems encountered in the purification of E. coIl
enterotox i ns continues to be the heterogeneity associated with enterotoxic
molec u les . Depend ing on the cu ltu re cond it ions , purifi cation techni ques , and
possibly, the strains emp loyed , biolog ically active molecules rang ing in size
from about 20,000 to �lx106 in molecular weight , may be isolated from extracts
of the organisms or from cell—free culture fluids . Although early reports (I—
3) described proper t ies of the hi gh mol ecu lar weight forms of the enterotoxin
(>106 da l tons), more recent i nvestigations (4—7) appea r to be concerned
primarily wi th the low molecular weight forms (20,000 to 100,000 da l tons),
which are though t to be closely related to cholera toxin. The relationship
between the different forms of heat -labile E. coli enterotoxin still remains
to be elucidated as does their relationship to cholera toxin. In the studies
reported here, emphasis has been p laced on determining the relative distribution
of the different enterotoxins present in representative cu l tu re filtrates ,
ra ther than on the comp le te and quantitative purifi cation (and characterization)
of one particular form . Nevertheless , the data presented revea l i mportant
properties of and clea r cut differences between diffe rent enterotoxins
elaborated by one or more stra ins of enterotoxi genic 

~~~
. 

~~fl.

B. Stra i ns and cu l ture conditions

E. coIl strain 74-114 (isolated from an infant wi th diarrhea in
B rookl yn, New York and obtai ned from Dr. John P. Cra i g, Downstate Medica l
Center , Brooklyn , New York) , a strain which produces onl y heat-labile entero-
toxin (see Section III) was employed inmos t of the studies reported here .
Some studIes (described here and in the 1975 Annua l Contract Report) were
carried out usi ng E. col i strain H197 , a s trai n which produces both heat—
stable and heat-labil e enterotox i ns , but this s tra i n has been graduall y re-
placed by 74-114 in order to elimina te the heat—stable factor as a consideration .

The organisms were grown at 37°C in the yeast extract-containing
medium described by Evans et al. (8) with aeration provided by vi gorous rota ry
shaking . Cul tures were generall y harvested at about 48 hours , a t ime when
extrace i l ular vascular permeability factor (PF) activity was found to be
maxima l (1 975 Annua l Contract Report). The organisms were removed by low
speed centrifugation and the clarified superna tants were filtered through a
M ill ipore filter (0.45 1gi~). The sterile cell—free cu l tu re filtra tes were
stored at 4°C, cond i tions unde r wh i ch no noticeable loss in PF activi ty was
noted for at least 2 months . In some instances (to be described in another
section), ali quots of cu l ture filtrates were distr ibuted into vials and
lyophil ized . The lyophilized materials were also sto red at 4°C.

(continued)
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C. Bi ologica l Assays

The rabbit skin vascular permeability facto r (PE) assay (8, 9, 10)
was used for routine analysis of samp les before and afte r concentration and/or
purification . Estima tes of activity were based on the reciproca l of the last
2— (or 4—) fold dilution wh i ch elicite d a 4 mm b luein g les i on 18 hours after
intraderma l i noculation of 0.1 cc , i.e. BD4 /ml . In many instances , samp les
were analyzed both by the PF assay and by t~ Y-l mouse adrenal cell assay
described by Donta (Il). Whe n the ad renal cell ass ay was emp loyed , the
activity of enterotoxin p reparations was estimated only on the basis of the
morpholog ica l transformation (rounding) of the cells. Endpoints of activity
were determ i ned from the reciproca l of the last dilution (of samp l e) wh i ch
caused rounding of at least 5O7~ of the cell monolayer.

D. Methods for concentration and fractionation of enterotoxin molecules

Forty—e i ght hour , cell—free culture filtra tes from eithe r E. coil
Hl97 or 74-114 were concentrated 10- to 40-fold by ultrafiltration , employ ing
a Sartorius ultrafiltration unit and memb rane filters with a 50,000 mo l ecular
wei ght cutoff (Science Essentials Co., Anaheim , California) . Initial vo l umes
usuall y ranged from 1 to 4 liters . With this method of concentration , no PF
activity was ever observed in the filtra te fraction , whereas recover ie s of PF
in the retentate fraction generally ranged from 70 to 90%.

E . co li en terotoxin concentrates , p repared as described above , were
used as the starting ma terial for variou s attempts at purification . Depend i ng
on the experiment , such ma ter i al was ch romatogra phed at room temperatu re on
a variety of co l umns such as Aga rose A50-M, Sepharose 4B , or Sephadex G-l50 .
Except where noted otherwise , the co l umns were equilibrated w t h  0.05 M tris
HC1 , pH 7.8-8.0, containing 0.02% sodium azide and the same buffer was used
for elution of 7.5 m l fractions . The fractions were mon i tored for protein
concentration by measuring their absorbance at 280 nm and for biolog ica l activity
by assay ing their PF and/or adrena l cell activity.

E. Distribution of enterotoxin forms elaborated b y E .  coil strain 74-116

After fractionation on (5xlOO cm) col umns of Sephadex G— l50 , entero-
toxin concentrates from E . co Il strain 74-114 were reproducibly resolved into
three distinct peaks of biolog ica l activity (Figure 1). The first peak eluted
in the void vo l ume of the column (approximately 540 m l ) followed closel y b y
anothe r active peak wh i ch was sli ghtly retarded by the co l umn (peak 2). The
th i rd peak of activity, which eluted in a volume of abou t 880 m l , was c lear ly
separated from the first two peaks and it appea red as an ascending shoulder
of a large r , i nactive protein peak (see Fi gure 1). For purposes of discussion ,
the firs t two peaks of activity were des i gnated insoluble ’ eriterotoxin I (insol
ECT I) and i nsoluble ente rotoxin II (insol ECT II) , respectively; while the
third peak of activity was desi gna ted soluble enterotoxin (sol Ed ).

‘The term insoluble was emp l oyed because these materials were opalescen t in
phys i ca l appearance and were sedimentable at lO~xg.

- - 
(continued)
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In order to obtain an estima te of the relative distribution of the
differen t enterotoxin forms, the fractions from each peak were pooled and the
pools were assayed for PF activity , before and after treatmen t with trypsin .
Trypsin treatment was employed because previous stud i es established that a
signif ican t port ion of E. coli heat-labile enterotoxin was synthes i zed in a
prototoxiri form (10). The results of two separate chromatograms showed that
sol ECT represen ted abou t 80% of the tota l recoverable activity before trea t-
ment with trypsin , but only abou t 20% of the tota l activity , after treatment
with trypsir i (Table 1). ThIs was due to the fact that the PF activity associated
wi th the insoluble forms was activated 15- to 100-fold after treatment wi th
t rypsin , whereas the ac ti vi ty of the so luble form i ncreased onl y 2— to 5—fold
after the same treatment. (It is unclea r whether the low leve l of activation
observed in the case of sol ECT was due to the p resence of some contamination
with (trailing) molecu l es from peak 2 or i ndeed represents true activation of
the soluble form . Other data (to be described) suggest the former possibility
to be more likely.) Thus , the data show that the distribution of enterotoxin
forms recovered after chromatography is cons id erab ly altered depending on
whether or not trypsin-activatable activity is taken into account. In view
of these observa t ions , the questions of the interrelationship of i nsol and
sol ECT as well as the importance of the trypsin phenomenon take on added
signi fi cance .

F. Further stud i es on the p roperties_of soluble E. co li enterotoxin
from E. coil 74-114

In orde r to examine in mo re detail the properties of sol ECT from
strain 74—114 , pools of the third Sephadex 6—150 peak (Figure 1) were used
as the starting ma terial for further stud y. An estimate of the size of this
form of the enterotoxin was obta i ned by chroma tographing representative con-
centra tes on a (2 .5x 1 00 ciii) Sephadex 6-755 co l umn. In this ins tance , the
fractions were mon i tored by the adrena l cell assay and the activity was found
to be associated with a sing le major protein peak wh i ch eluted in a volume
larger than the void volume of the column (Fi gure 2). The elution profile
of activi ty indicated that sol ECT was les s than 70,000 in mo l ecular wei ght.
Essentially identica l results were ob ta i ned wi th prepa rations of sol ECT
fr om s t ra in Hl 97 wh ich had not f i rs t been chromatographed on Sephadex 6—150 .
Rathe r, the sol ECT from s t rai n H 19 7 had been separa ted fr om hig h mo l ecular
wei ght ente rotoxin by selective ultrafil tration , emp loy ing a Sartorius memb rane
f lite r wi th a cu toff of 160 ,000 molecular wei ght. In this instance , so l ECT
was recovered in the filtra te fraction whereas insol ECT was recovered in the
retentate . The ad renal ce l l  ac t iv i ty associa ted wi th such f i ltrates (af ter
concentration) eluted in the void vo l ume of (2.5x100 cm) Bio-gel P—60 columns ,
but was slightl y retained on (2 .5xlOO cm) Sephadex G-75S columns (Figure 3),
as was sol ECT from strain 74—114 (Figure 2). On the basis of these resu l ts ,
it was ten tatively concluded that sol ECT from both stra i ns 74-114 and H197
was greater than 60,000 and less than 70,000 in mo l ecular weig ht.

(con t I nued)
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Althoug h sol ECT eluted in a single major peak from ei ther Bifl-ge l
P60 or Sephadex G-75S columns , ana l ysis of the active ma terials by poly-
acry l am i de gel electrophoresis (PAGE) revea l ed that sol ECT comigrated w i t h
numerous other prote i ns of similar size (Figure 4). Subsequently, It was
found tha t batch treatment of sol ECT prepa rations (obtained from any of
the above-mentioned col umns or by selective ‘iltrafil tration) with QAE—
Sephadex A-25 resu l ted in the remova l of a substantial number of extraneous
proteins (Fi gu re 5). When conditions were such tha t the anion exchanger and the
toxin preparations were equilibrated with 0.05M tris-HC I , pH 7.3, many of
the extraneous proteins adsorbed to the exchanger whereas sol ECT was found
in the superna tant (Table 2). When the pH of the ma ter i als  was adjus ted to
8.3, however , most of the prote i ns includin g sol ECT were bound by the
exchanger (data not shown). By selectively adsorb i ng out inactive protein
wi th QAE-Sephadex A-25 at pH 7.3, then , it was possible to reduce the number
of prote i ns conta i ned in sol ECT prepa rations from about 20 to about 7 or 8
(Fi gure 5) .

In Jer to determine which of the remaining proteins corresponded
to sol E~~ quots of QJ\E supernatants were electrop horesed and eluted
from 2 ~s of unfixed acry lamide gels. With this approach , it was
deterr he major peak of adrena l cell activity eluted (from the
gels) ~ tion corresponding to the protein wh i ch exhibited the second
grea t ob il ity on acry l amide gels (Figure 5). In addition , It was possible
to obtain a more precise estimate of the size of so? ECT by examining the
behavior of PAGE-purified toxin upon SDS acrylamide gel electrop horesis. Even
after treatment with reducing agents and boiling, the toxin migrated as a
s i ng le band with a mobility sli ghtl y greater than that of human serum albumin ,
a protein abou t 70,000 in mo l ecular weig ht (Figure 6). The effect of trypsin
on sol ECT was a ls o inves tig a ted and prelimina ry resu l ts indicated tha t such
treatmen t did not result in an alteration in either electrop horetic mobility
or in PF activity (data not shown).

In addi tion to the above, immunolog ica l p roperties of sol ECT
preparations were compared with those of cholera toxin in Ouchterlony-type
double diffusion tests. in was found tha t sol Ed , irrespec t ive of the s ta te
of puri ty, exhibited an i mmunoprecipit in line of i dentity with cholera toxin
when these ma ter ia ls  were d i ff used agai nst E . coli (goat) antitoxin (the
preparation of wh i ch was described in the 1974 Annua l Contract Report).
However , when the same samp les were diffused aga i ns t cholera (goat) antitoxin
(12), only partial i dentity was observed (Figure 7). Thus , on the basis of
this series of studies , sol ECT was i dentified as a single polypeptide chain ,
approxima tely 68,000 in molecular weight , wh i ch shares at least one common
antigenic determinant wi th cholera toxin.

Ongo i ng studies are directed towards utilizing the information gathered
herein for the purpose of isolating in a rep roducible manner , si gnificant
quantities of purified sol ECT for furthe r analysis.

(clInt i nued)
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G. Fu rther studies on the p roperties of insoluble E. co i l en terotoxins

I. Summa ry of early studies with insol_ECT from strain_Hl 97 (taken
from 1975 Annual Contract Report (ACR))

Most of our early work on the characterization of heat-labile
E. coli enterotoxins was performed using E. co li strain Hl97 and
it was in this system that activation of enterotoxin by trypsin was
first demonstra ted (10). In contrast to the presen t studies , i nso l
ECT from strain H?97 was ob ta i ned in relatively pure form not by
chromatog raphy, bu t rather by repeated sed i mentation (at lO5 xg)
from Sartorius concentra tes, a p rocedure which was also effective
in achieving a separation of i nso l from sol E d .  Preparations of
i nsol ECT isolated in this manner consisted , like insol ECT from
strain 74—114 (Figu re 1), of two classes of molecules. On the basis
of their chromatographic p roperties (on Sepharose 4B and 6B ,
respective l y), it was estima ted that one class consisted of molecu les
-~.2Oxl06 in mo l ecular weig ht and the other class consisted of
molecules on the order of 10r in molecular wei ght (Fi gures 6 and 7,
1975 ACR). The former class of mo l ecules did not penetrate 3—1/2%
acry l am i de gels and the latte r class did not penetrate 7-1/2% ge ls;
and thus they appea red at the top and at the interface , respective l y,
of the spacer portion of standard acry lam i de gels . Anal ysis of the
two classes of inso? ECT by SOS acry lamide gel electrop hores i s
further revea l ed that they were equally complex , consisting of
abou t 18 i dentica l components (Fi gure 5, 1975 ACR). Of the 18
components , onl y about five were predominant , the major one of wh i ch
was estimated to be about 50,000 in molecular wei ght.

Working with a mixture of these two classes of molecules , it was
demons trated tha t t reatmen t wi th trypsin rest I ted in a significant
increase in PF activit y (Table 17 , 1 975 ACR). This was the firs t
evidence that inso l ECT was the form of ente rotoxin susceptible to
activation by trypsin. Other studies suggested that treatmen t wi th
trypsin resu l ted in an increase in the specific activity of both
classes of enterotoxin and tha t the mechanism of activation mig ht
i nvo l ve the excision (by trypsin) of a pol ypeptide chain (Fi juresh ari d 8, 1975 .4CR).

2. Properties of insoi enterotoxins from E. co il strain 74—1 14

In the studies reported here , properties of inso l ECT molecules
derived from E . coil strain 74—114 were investigated . Strain 74-114
was selected for stud y not onl y because it produced only heat—labile
enterotoxin (as noted earlier) but because It produced significantly
more prototoxin than did any other strain previousl y emp l oyed . A
comparison of contro l and trypsin—treated culture fi ltr ’ttes from
stra i ns Hl 97 and 74-114 , for examp le , revea l ed tha t wherea s elevations

(continued)
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in PF activity on the order of 4- to 16—fold we re generally
obse rved wi th cu l ture filtrates from strain H197 , elevations on
the orde r of 30- to >100-fold were obtained with like ma terials
from strain 74—114 (Table 3).

Like i nso l ECT from strain Hl97 , it is clea r that i nsol ECT ’ s
elaborated by Strain 74-114 are also activa table by trypsin (Table 1).
In order to further study the trypsin effect , a poo l of insol ECT I
and i nsol ECT II was prepa red by combining fracti ons from peaks I
and 2 of a Sephadex G-l50 col umn (Figure 1). The insol ECT ’s were
then concentrated by repeated (3X) sed i mentation at lO5 xg (16 hou rs
at 4CC). The concentrate was divided into two equal parts: one part
was treated with 100 mcg/m I trypsin (final concentration) for 2 hours
at 37°C and the other part was incuba ted unde r the same conditions
excep t with an equivalent volum e (10% v/v) of O .OSM ammonium bica rbonate ,
the vehicle for trypsin. A comparison of the contro l and trypsin-
treated ECT samp les by PAGE revea led the appea rance of two new
protein bands in the trypsi n-treated samp le: one at the position
occupied by the track i ng dye (before staining) and the other at a
position about one-fourth the distance into the l ower gel (Figure 8).
Previous stud i es wi th a liquots of the forme r band (eluted from
acry l amide gels) showed that it was biologically inactive and did not
form any prec i pi tin lines when diffused against pol yva l ent E . coil
antitoxin . One possible exp lanation for its increased intensity in
the trypsin-treated sample is tha t it is a result of the conuigration
of trypsin (itself not detectable at the concentrations employed)
w ith a weakly stainin g comporten t present in contro l preparations .
(Hig her concentrations of trypsin , when electrop horesed unde r the
same conditions , exhibit a band in the position of the tracking dye).
However , the possibility tha t it represents a pol ypeptide (or glyco-
protein) exc i sed from insol ECT cannot be discounted and experiments
desi gned to examine this poss ibility are contemp lated (see below) .

The second band of lesser mobility (whi ch migra ted to a position
ab~ u t  one-fourth the distance into the l ower gel) is appa rentl y
derived fr om in snl E d .  As stated earlier , purifie d inso l ECT
preparations have generall y exhibited two bands after PAGE: one at
the top of the spacer gel (insol ECT I), and one at the interface
between the space r and 1 oc r gels (irisoi ECT II). In the present
instance , severa l other pr oteins are present in the p reparation
(Figure 8) and they are th ught to rep resent non-enterotoxi genic
components derived from the organisms . Because the slower—mov i ng
band was ais i b .’~rved when more purified p reparations of insol ECT
were trea ted •v i th t rypsin (Fi gure 9), it is considered a like l y
possibility tha t this band is derived from insol ECT ~~, in sol ECT II ,
or from both classes of molecules.

In order t furthe r examine the trypsin phenomenon , con tro l and
t rypsin-treated inso l ECT (as dep icted in Fi gu re 8) were each chromato-
grap hed separately on a (2 .5x45 cm) co l umn of Sepha rose 4B, equilibrated

(continued)
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wi th 0.05 M tris , pH 7.8. The fractions from each col umn were
monitored for protein concentration by measuring absorption at
280 nm and for biologica l activity by assaying for PF and adrenal
cell activi ties . The elution profiles in bo th cases were similar
to those previously obta i ned wi th (contro l and trypsin-treated)
i nsol ECT from strain Hl97: b olog i ca l activi ty was associated wi th
a void volume peak (peak I) and wi th a shou l der of optica l density
on the descending portion of the void volume peak (peak 2) (Figu re 10).
In both instances (contro l and trypsin-treated) , the specific activi ty
was grea test in fractions associated with the. descending shou l der of
the void vo l ume peak. After treatment with trypsin , however , the
specific activity (i.e. BD4mm /O.D.~~o nm~ 

associated with individua l
fractions in both peaks was about 15 ti~ies g reater than in the same
fractions obta i ned in the case of the contro l (untreated) material
(Fi gu re 10). These results suggested that both classes of molecu l es
were activated by trypsin wi thout significant change in their
mo lecular weights . The fact that the void vo l ume mo l ecules exhibited
lesser specific activity than the reta i ned molecules nay be due to
the possibility that the fonner molecules rep resen t .iggregates or
polymers of the latter molecules . This i nterpretat :•~ n is consi stent
with the observation of a si gnificant diminution in the cpalesence
of the trypsin-treated samp le (relative to the con tro l samp le) and
concomi tantly, in the optica l dens i ty of its void vo l ume peak (Figure 10).

When the peak fraction (fraction #8) from the void volume peak
of each co l umn (control and trypsin-treated) was examined by SDS
acrylamide gel electrop horesis , insol ECT was found to consist of
the same components , i rrespective of whether or not it had been
treated with trypsin (Figure 11). Although there were nume rous minor
components (as in the case of insol ECT from strain Hl97), a major
component of approxima te l y 50,000 molecular weig ht was again observed
(Figu re 11) . Just above this major component there was another com-
ponent which migra ted wi th a mcbi l ity similar to that exhibited by
purifi ed sol ECT from strain 74—114 (Figure 11). Whether or not this
component corresponds to sol ECT rema i ns to be determined .

When these and other fractions (obtained from the Sepharose 4B
columns) were examined by regular PAGE , expected patterns were obta i ned
(Figu re 12): fractions in the void vo l ume and its shou l der exhibited
protein at the top and bo ttom of the 3—1/2% space r gel , i rrespective
of whether or not they had been treated ‘~ith trypsin. The onl y
significant difference between the fract ions from the two (contro l
and trypsin-treated) col umns was the presence (in fraction 18) of the
tryps i n—generated “protein ” (Figu re 12). This “protein ”, wh i ch did
not exhibit either adrena l cell or PF activity (Figure 10), eluted
in a vo l ume less than that required for elution of tryps in’ (fractions
21—23 , Figures 10 and 12), and thus was i dcntified as a molecule
smaller than i nsol ECT II but larger than trypsin.

1Detennined from chroniatograms of trypsin alone.

(continued)
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Althoug h PAGE permitted the detection of new “protein(s)” af ter
treatmen t of i nsol ECT wi th trypsin , the small amounts of this
material wh i ch were genera ted prevented extens i ve ana l ysis . In
order to define more precisel y the mechanism of action of trypsin ,
ei ther more material or new approaches are required . One approach
which is presently under i nvestigation is the prepa ration of C14-
labeled i nso l ECT, the use of wh ich may permit a more rel iable and
more quantitative ana l ysis of the ori g in and nature of the new
‘ ‘ protein(s)’’.

H. Summary of Section I

It has been determined that representative cu l tu re filtra tes from
two differen t stra i ns (Hl97 and 74-114) of enterotoxi genic E. coli contain at
least two different forms of heat-labile enterotoxiri . One form of enterotoxin
appears to be comp lex and partially insoluble; and on the basis of chroma to-
gra phic properties , conta i ns molecu l es of high molecular weig ht (rang ing in
size from about 2xl0~ to about 20xl07). The other form of enterotoxin appears
to be a sing le polypeptide chain of about 68,000 molecular weig ht and it sha res
at least one commo n antigenic determinant wi th cholera toxin . The distribution
of these forms of enterotoxin depends on whether or not trypsin activatab le
activity is taken into account. It is the comp l ex, i nsoluble form of the
en terotox in wh i ch is activated by t rypsin and the excision of a “protein ”
may be i nvolved . The nature of the relationship between the forms as well H
as the mechanism of their activation by trypsin rema i ns to be elucidated . H

I I .  Ant igenicity of insoluble , heat—labile E. co l i enterotoxin

A. Introduction

It is well established tha t cholera toxin or toxoid are capable of
stimulating pro tection—correlate d circulatin g antitoxin in a number of
experimenta l cholera models (13) . It might therefore be expected that an
appropriate E. coli antigen woul d behave similarl y. Of the enterotoxins
elabora ted by enterotoxigenic E. coli , sol EdT appears to be more closely
rela ted to cholera toxin than insol ECT (Section I), ~nd mig ht therefore be
the antigen of choice . However , the non—uniformity of sol ECT p repa rations
prepa red in different labora tories (4_v) , together with the inability (thus far)
to isolate it in reasonable quantity , present certain diff i culties . In contrast ,
inso l Ed , althoug h biochemically more comp lex , is (because of its size)
readily sepa rated from the bulk of so l uble proteins (and other contaminants
present in representative culture filtra tes); and it apoears to exhibit simi lar
phys i ca l and biolog ica l p roperties when isolated from two different en tero—
toxi genic stra i ns (1975 Annua l Contract Report and Section I).

Moreover , l ike sol ECT , i nsol EdT is also capable of p roducing a secretory
response and this secretory response can be reduced when in vivo activation
of i nsol ECT is blocked by trypsin inhibitor (Section III ) .  These observations
suggest that insol EdT may play as important a role as sol ECT in the patho—
genesis of E . ccli diarrhea l disease . Further , it has been demonstrated

(continued)



that tryps in-activa ted culture filtrates require more ant toxin (and more
GML ganglioside) for neutralization than do unactivated cu l ture filtrates (10) .
If the increased requirement for antitoxin is due to activation of insol ECT
(as the da ta ind ica te) , then it is reasonable to cons i der the possibility
that i nsol ECT may i tself be capable of stimulating antitoxin. On the basis
of these consi dera t ions , an inves t igation of the antigenic ity of i nsoi ECT
was therefore undertaken,

In the studies reported here , the ability of insol ECT to elicit circulating
rabbit antitoxin was i nvestiga ted both before and after treatmen t wi th trypsin.
It was considered like l y that trypsin—treated insol ECT mig ht be more anti genic
than untrea ted insoi ECT because of the presumed uomasking (by trypsin) of
anti genic dete rminants . In addition , the antigenicity of insol ECT was com-
pa red with that of a well-defined antitoxin-stimulating antigen , cholera
(glutara l dehyde) toxoid (14). The data will  show tha t 1) insol ECT isolated
from two different strains is antigenic and elicits antitoxin specific for
E . coli (soluble) enterotoxin; 2) trypsin-treated insol ECT antigen is
approxima tely six times more antigenic than unactiva ted anti gen; 3) cholera
(ga) toxoid , with or without adjuvant , stimulates antitoxin which neutralizes
both E . col i (soluble) and cholera ente rotoxins ; and 4) a combination of
i nso l ECT antigen with cholera (ga) toxoid results in a synergistic antitoxin
response , i. e., the combination of both anti gens stimulates greater l evels
of antitoxin to both enterotoxins than does either antigen alone .

B. Prepa ration of antigens

1. I nsol EdT from s t ra in  74—114

I nsol ECT I fractions from two Sephadex G-l50 co l umns were
pooled and concentrated by repeated (3X) sedimentation for l~ hou rs
at l0n x g. (Data pertaining to the starting materials are presen ted
in Table I .) A s tock solut ion of insol ECT I was prepa red by
suspending the fina l sediments (see above) in 0.05 M tris-HC 1 , pH 7.8
containing 0.003 M EDTA and 0.02% sod i um azide. Lowry determinations
showed tha t the stock solution conta i ned 1 . 2 mg/m i of protein. Just
prior to use , an a l i quot of the stock solution was divided into two
parts : one part was treated wi th (sterile) trypsin (100 g~g/m l , fina l
concentration) for 1 hou r at 37°C, and the other part was incubated
under the same conditions with an equiva l en t volume of ammonium
bicarbonate (10% v/v), the vehicle for trypsin. After incubat ion ,
(sterile) Lima Bean Trypsin Inhibitor was added to both samples
(50 ~g/m l fina l concentration) and they were each diluted to 60 ~g/ml
with sterile 0.067 H phosphate—buffered saline (PBS), pH 7.8, con-
taining 0.01% thimerosal. Groups of rabb i ts were then i mmunized IM
with 1 m l (60 ~g) of each prepa ration , respectively.

2. Insol ECT from strain H197

Inso l ECT was isolated from Sartorius concen trates of
representative culture filtrates by repeated (2X) sedimen tation

(continued)
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(at 105x g for 16 hours). A pool of sediments from severa l
production lots was suspended in 0.05 M tris—HC 1 , pH 7.8 contain-
ing 2 H urea and was then purified further by chromatography on
a (Sx l OO cm) co l umn of Agarose A-5O H, equilibra ted wi th the same
buffer. (The addition of urea resulted in a diminution of the
opalesence associated wi th the material.) After chromatography
(Fi gure 13) , fractions conta i ned in the major peak of PF activity
(whi ch behave on acrylamide gels like insol ECT ii) were pooled ,
dialyzed extensively aga i nst 0.05 M amon i um bica rbona te, pH 8. 3
(to remove urea), and the ma terial was l yophilized . The l yophil i zed
p roduct was stored at 4°C unti l used . When dissolved in 0. 05 M
tris-HC 1 , pH 7.8 at a concen tration of 10 mg/m I , the insol ECT was
milk y in appea rance. The opalescence (or mi l ky appearance) was
significantly reduced by the addition of EDTA (0.005 H) and sod i um
desoxycholate (0.357. fina l concentration) and the opalescence
rema i ned diminished even after extens i ve dial ysis against 0.02 H
tris—HC I , pH 7.8. After dialysis , the material was diluted with
the same tris buffer to a Lowry protein concentration of 500 ~g/m l
and thimerosal (0.01% fina l concent ra t ion) was added . This stock
prepa ration was stored at 4°C. Just prior to use, a l i quots were
diluted to 50 ~g/m l wi th sterile 0.067 M PBS , pH 7.8, which also
contained thimerosal (0.01%). Groups of rabbits were then i mmunized
with 50 ~g doses (1 m l) . When the antigen was administered in
comb i nation wi th cholera toxoid , th~ ant igens were dil uted so tha t
the fi nal prepa ration conta i ned 50 pg of E. ccli antigen and 100 pg
of cholera toxoid in 1 ml. Since no significant PF activity could
be demons tra ted ei ther before the addi t ion of or remova l of
sol ubi l izing agents , or af ter trea tment wi th trypsin , theE , coil
ant i gen was considered to be detoxified . (Lyophil ization appea rs
to inactivate the PF activity of Insol ECT and may therefore be
a suitable method for detoxification.)

C. Immunization _parameters

Mal e, New Zealand albino rabbits , wei ghing between 7 and 12 lbs., we re
emp loyed . Samp les of pre-intmune sera were obta i ned by heart puncture wi thin
I to 2 weeks prior to immunization . Groups of rabbits (8 per group) were
i mmunized intramuscularly in the righ t posterior thi gh at 0 and 6 weeks,
respectively. Samp les of sera were obta i ned , by heart puncture , at 6 and at
8 weeks , respec t i ve l y .

0. Determination of antitoxin

Rabbit serum antitoxin titers were determined by the anti-P F assay
as described by Cra i g e t a l .  ( 1 5).  The sera were inactivated for 30 minutes
at 56°C and stored until used at -20°C. Two—fold dilutions of sera were
incubated (for I hou r at 37°C) sepa rate l y wi th one lirn it -of—b l ueing (Lb)
dose of cholera toxin and wi th 1 Lb dose of sol ECT (from strain 74-114).
Sol ECT was der i ved from peak 3 of Sephadex G- l 50 co l umns (Fi gu re 1) and

(cont inued)
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its Lb content was determined by titration aga i nst the Swiss Serum and Vacci ne
Institute (SSVI) provisiona l standard cholera antitoxin (containing 4470 anti-
toxin units (AU) per ml ). In each assay, the toxin challenges (cholera and
sol ECT) were titrated against SSVI serum and the data ob tained were used to
standardize the resu l ts of different assays.

E. Comparative antige n ic it~ of inso l E. coli enterotoxins before
and after activation by trypsin.

This s tudy was des i gned to determine the effect of trypsin activation
on the anti genicity of inso l ECT from strain 74-114. Groups of rabb i ts were
i mmunized with each anti gen (control and trypsin-treated -- Section II ,
part B. 1.), respectively, according to the immun i zation schedule outlined
in Sec t ion II , part C. The results of serum antitoxin titrations (Table 4)
showed tha t 1) insol Ed , after two i noculations , is capable of eliciting
si gnificant l evels of rabbit circulating antitoxin; 2) inso l ECT elicits
antitoxin which is hig hl y spec i f ic  for (sol) E. coli enterotoxin; and 3)
trypsin-activated insol ECT is at least six times more anti genic than
unactivated inso l E d .

The observation that two doses of insol ECT were required in orde r to
ach i eve si gnif icant levels of circulating antitoxin suggests tha t the
rabbit i mmune response (and perhaps the human response) may be similar to
the immune response elicited by cholera (ga) toxoid . (Two doses of cholera
toxoid are also required in order to ach i eve significant levels of ci rculating
antitoxin (14)). In addition , the magnitude of ECT-directed antitoxin titers
elici ted by contro l and trypsin-activated i nso l Ed , respective l y, were with-
in the range of cholera antitoxin values elicited by cholera toxoid wi thou t
and with adjuvant , respec t ive ly  (1 3). Thus , treatment of i nsol ECT with
trypsin may be an effective methodology for increasing the antigenic potency
of (insol) ECT preparations (by as much as 6-fold). This observation , wh i le
of basic inte rest to those who are inte rested in understanding E. ccli
enterotoxin immunology , may also have economic imp lications for production
of E. col i antigen vaccines .

F. Compa rative ant~genicity of i nsol E. coil enterotoxin and cholera
toxoid

The pu rpose of this study was to exam i ne the anti genicity of an insol ECT
preparation from strain Hl97 and to compare its antigenicity with that of well-
defined antigen , cholera (ga) toxoid. Groups of rabbits were therefore
i mmunized wi th: 1) an insol ECT antigen from strain Hl 97 (Section II , part
B. 2.); 2) a cholera (ga) toxoid antigen (lot 20301); 3) the cholera toxoid
administe red with protamine/a l uminum adjuvant (14); and 4) a combi nation of
the E. coli anti gen and cholera toxoid . Rabbi ts receiving prepa rations #2
and #3 were immun i zed approxima tely 2 months prior to rabb i ts receivin g p repa-
rations #1 and #4. I n each case , however , the rabbi ts were of the same
approxima te age , were purchased from the same supp l ie r , and were housed
unde r identica l conditions .

(continued)
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The results of serum antitoxin titrat ions (Table 5) permi t the
fol lowing conclusions:

I) a n t i t o x i n  raised against E . coli an tigen is specific
for E. coli (sol) enterotoxin; 2) ant itoxi n raise d
aga i nst cholera toxoid is just as effective in neutralizing
E. col i (sol) enterotoxin as it is in neutralizing homolo-
gous enterotoxin; 3) increased antitoxin elicited by cholera
toxoid plus protam i ne/a l uminum adjuvant is just as effective
(if not more so) in neutralizing E. coli (sol) enterotoxin
as it is in neu tralizing cholera toxin; and 4) a combination
of E. coli and cholera antigens elicits significantly
grea ter antitoxin titers agains t both types of entero-
toxin than is elicited by either anti gen alone , both
after primary and booster i noculations .

These findings indicate that i nsol ECT is not only capable of eliciting
significant levels of circulating antitoxin (in the rabbit) but that its
antigenicity is not affected eithe r by the method of isolation or by the
strain emp l oyed (compare anti toxin l evels elicited by i nsol EdT from
stra i ns 74-114 and H197 in Tab l es 4 and 5). Moreover , the observation
that antitoxin raised by insol ECT from two different strains (Hl97 and
74— 114) w’~s equally effective in neutralizing sol ECT from only one strain
(74-114) supports the i dea tha t i nsol ECT may not vary anti geni ca l l y from
strain to strain. The finding tha t a comb i nation of E. coli and cholera
anti gens stimulates a synergistic antitoxin response to both toxins (E. coIl
and cholera) was unexpected in view of the specificity of E. coil antitoxin
(Tables 4 and 5). It is possible tha t E . call endotoxin (presumed to be
present in the E . cell p reparations) is i nvo l ved . Alternativel y, the E. co li
antigen may possess a common anti genic determinant which is masked in the
cholera toxoid and wh i ch , by i tself (as in the case of the E . ~~jj antigen
al one), is incapable of eliciting cholera antitoxin. These possibilities
are the top i cs of continuin g i nvesti gation .

G. Summa ry of Section II

It has been determ i ned that insol ECT stimulates rabbit circulating
antitoxin specific for E. coil enterotoxin (soluble) and tha t trypsin-
activated ins~ l ECT is more antigen ic than unactivated i nsol ECT. In contrast ,
it was determined tha t cholera (ga) toxoid , wi th or without adjuvant , Stimu-
lates antitoxin capable of neutralizing both cholera and C. coli enterotoxins.
Most important , i t was shown that a combined antigen formula consisting of
both E . call and cholera antigens is capcble of stimulating antitoxin titers
far greater than either antigen alone . ihese findings may have i mportant
implications in the desi gn of a vacci ne capable of providing long-lasting
protection against diarrhea l disease .

(continued)
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II I .  The role of proteolytic activation in the pathogenicity of Escherichia
call-mediated diarrhea l di sease

A. Introduction

It was demonstra ted earlier tha t the PF activity found in rep resentative
C . call culture filtra tes could be activa ted by (rabbit) intestina l proteol ytic
enzymes both in vitro and in vivo and that activation could be blocked by
Li ma Bean Tryps in  Inhibitor (LBTI) (10). Fu rther , when PF a c t i v a t i o n  was
prevented in viva , a reduction in the secretory response also occurred (10).
These findings suggested that proteolytic activation of enterotoxin mig ht play
an important role in the pathogenesis of ~~~. co l i—mediated diarrhea l disease.

In order to exam i ne the role of proteol ytic activation in pathogenicity,
the rabbit secretory response to various E. call ente rotoxin preparations was
investi gated both in the presence and in the absence of LBTI . In earl y studies ,
E. call strain Hl97 , wh i ch produces both heat—stable and heat-labile enterotoxins ,
was emp l oyed . Using cu l ture filtrates from this strain , it was not possible
to demonstrate a si gnificant difference in the rabbit secretory response to
samp les i ncubated ~ith and wi thout LBTI unless the time of incubation of the
fl uids (in the ligated l oops) was shortened . (This invo l ved severa l intra —
lumina l (in the same loop segment) i noculations and withdrawals , a p rocedure
wh i ch was bath ted i ous and traumatic for the animals.) The reasons for emp l oy-
ing short-term incubations (up to 30 minutes) were: I) to prevent inactivation
of the inhibitor (IBTI) wh i ch was thoug ht to occu r duri ng the norma l 18 hour
incubation periods ; and 2) to l im i t  the exposure time of pre—exist ing. PF w i th
i n tes t i nal mucos a2 . Even when a reduc t ion in the secre tory response could
be demonstrated (under conditions described above), the factors responsible
for the residua l secretory response which was observed (30—35% of contro l
va l ues) were not easil y I dentified . It was considered feasible that the
pa rtial response was due either to heat—stable enterotoxin, or to p re-
exis tinci PF.

It has now been possible to obviate the short-term i ncubation method
entirely , since conditions have been found unde r which standa rd h ea l loop
procedures can be used to demonstra te inhibition of the secretory response
by LBTI . The problem of heat-stable enteratoxin was elimina ted by emp loy i ng
strain 74-114 , a strain which produces only heat-labile enterotoxin (Table 6)
and the problem of pre—existing PF was eliminated by titrating (in ilea l loops)
a dilution series of enterotoxin with and without LBTI3 .

‘I t  was cons ide red feasible tha t either the inhibi tor was eventually digested
by p r o t e o l y t i c  enzymes or that it was eventually overcome by continued
secre ti on of mu cosa l p rateases .

2lhis was , i n e f f e ct , a means o f “diluting out” the contribution of pre—existing PF.
3When dilutions of cu l ture filtrates from strain Hl97 were titra ted in early

s tudies , no s i g n i f i c a n t  secretary response was demonstrated even wi th small
dilutions (2— or 4-fold) . The difference in the potency .of cu l ture filtra tes
from strains H197 and 74-114 may be due to the difference in their content
of prototaxin (Tab le 3) .

(continued)
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In the studies reported here, the secretary response to various
prepa rations of enterotoxin was i nvestigated in the presence and absence of
IBTI. The preparatio ns included both crude (cultu re filtrates) and par t ia l l y
purifi ed enterotoxin (insol ECT I , ins ol ECT II , and sal ECT) as well as
viable enterotox i genic C. coi l . The data will confirm that the secretory
response (to enteratox i n) can be significantly reduced under certain con-
ditions (when the contributions of bath heat-stable enterotoxin and pre—exis ting
PF are eli mina ted) and wil l support the i dea that the effect may be due primari l y
to prevention of proteo l yt ic activation (by LBTI) of i nsal ECT.

B. Description of enterotoxin pre~~~ations and micro-organisms

1. Crude E. co li enterotoxin (cu l ture fi 1tr ~~~~

The sterile culture f i l t ra tes from a sing le production lot of
strain 74— 114 (prepared as described in Section I , part B.) was used
throu ghout the stud y. in orde r to eliminate the effects of long—
term l iqu id  storage , al iquots (10 and 25 m l , respective l y) of cultur e
filtrate were l yophi lized and then stored at 4°C. Just prior to use .
each v i al was rehydrated to its origina l vo l ume wi th sterile distilled
water and then diluted (when required) in ente rotoxin p roduction
medi um (EPM) . When the effect of LBT I (on the secretory response)
was investigated , various dilutions of the sample were divi ded into
two equa l parts : a given amount of LBTI was added to one part , and
the other part served as a control . In some experiments , a sing le
dilution of samp le was emp l oyed and the amount of LBTI (added to
multiple tubes of the dilution) was varied .

When the effect of heat an the secretory response was i nvesti gated ,
only undiluted culture filtra te was emp loyed . The samp le was again
divided into two parts : one part was boiled for 15 minutes and the
other part served as a contro l (not boiled) .

2~ Par ti~~fly ourified E. coli enterotoxins

a. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ The i nsol ECT I preparation
emp loyed in th is stuuy was identi ca l to the preparation
dcscribed in Section II , part B. 1 ., except that it was
diluted to a conccntraticn of about 90 ~~/ml with sterile
0.067 Ii PBS , oH 7.4 , containinq 0.l7~ qel ati n. This stocL
solution was stored at Li~ C throig hou t the stud y wh i ch lasted
app roxi ma tely 4 weeks. For each experimen t , a samp le was
removed from the stock solution and divided into two equa l
parts: a g i ven amount of LBTI was added to one part and the
other part served as a control.

b. Insol ECT II from strain 74—114. The i nsal ECT II prepa ration
emp l oyed in this stud y was ob ta i ned from the same Sephadex
G—150 col umns as was insol ECT I (see Figu re 1 and Table 1).

(continued)
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As in the case of ins o l  ECT I , inso l ECT II was concentra ted
from the pool of Sephadex frac tions by repeated (2X) sedi-
mentation and the sed i ments were dissolved in 0.05 M tris-
HC1 , pH 7.8, containing 0.02% sodium azide . For the studies
reported here, a stock solution conta in ing 30 ~g/ml of i nsol
ECT II was p repared from the opa l escent sedimen t solution
by diluting an a li quo t with steri le 0.067 M PBS , pH 7.4,
conta i ning 0.1% gelatin. The stack solution was stared at
40 throughout the duration of the study (about 4 weeks).
For each experimen t , a sample was remo ve d from the stack
solution and divided into two equal parts:  a given amount
of LBTI was added to one part and the other part served as

- 
a con trol.

c. Sal ECT from strain 74—114. Like insol ECT I and ECT II ,
sol ECT was derived from the same Sephadex 6-150 co l umns
(see Fig ure 1 and Table 1). Fractions from the third peak
of Sephadex col umns were pool ed and concentrated about 6-fold
by d ialysis aga i nst Ficoll (Pharmacia Fine Chem i cals ,
P i sca taway , New Jersey). After concentration , the sample

• was centrifuged for 16 hours at 105x g in order to remove
any contaminating insal ECT II. (No sediment was observed.)
The superna tant was then filtered aseptically through a
0.45 ~~n f i l t e r and the pro tein concentration of an aliquot
was determined (by the Lowry method) to be 600 ~g/ml. A
stack solution containing 200 ~g/m l of sol ECT was p repared ,
using 0.067 M PBS , pH 7.4, contain i ng 0.1% gelatin and the
solution was stared at 4°C for the duration of the study
(4 weeks). For each experimen t, a samp le was removed from
the stack solution and divided into two equa l parts: a given
amount of LBTI was added to one part and the other part
served as a control.

3. Cholera toxin

Cho le ra toxin , purified as described by Rappaport et al . (12),
was emp l oyed as a contro l in many of the studies. Prior to each
experimen t , an aliquot of a stock solution containin g 500 Mg/m I was
diluted with 0.067 M PBS . pH 7.4, containing 0.1% gelatin to a
concen t ration of 5 ~g/ml . The cholera toxin contro l (at 5 ~g/ml)
was tested both in the presence and absence of IBTI.

4. Heat-stable E. coil enterotoxin

For use as controls in assays far the presence or absence of
heat-stable enterotoxin (in culture filtra tes from strain 74—11 4),
sterile culture filtra tes from heat—stable onl y strains were p roduced
as described in Section I , part B. The stra i ns emp l oyed were
des i gna ted E. col i  18B and B44 , respective ly,  and they were ob ta ined
from Dr. Ralph Gianne lla , V . A . Hospital , Lex i ngton , Kentucky . In
each assay  for hea t stable enterotoxin , the cu l ture f i l t ra tes  (from

k_ _ i. . -~~~~~~ 
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each stra i n) were tested with and withou t boi l ing (for 15 minutes).

5. Micro-organisms

a. Enterotoxigenic E. col i  s t ra in 74- 114. The growth from
seve ra l fresh ove rnight (2% peptone) slants was harvested
and suspended in a solution containing dextran , sucr ose ,
and sod ium glutamate. The suspens ion was then distr ibuted
in to v i a l s  (0.2 cc /v ia l )  and the v i a l s  were lyophi lized .
The Iyophi li zed material was stared at —20°C until used .
On the day before an experiment , from one to three v ia ls
were rehydrated each with one ml of 2°!. peptone and the
contents from each vial were dispensed into 10 m l of 27.
peptone . The cultures were allowed to incuba te at 37°C
for about 18 hours at which time they were centrifuged at
10 ,000 RPM for 10 minutes . The sed i men ted organisms from
each culture were resuspended in 15—20 ml of EPM and re—
cent r i fuged under the same conditions . After the second
centr i fugation , the superna tants were f i l tered through 0.45 ~jn
filters and the  o rganisms were again suspended in the same
vo l ume of EPM. Bacterial counts of the organisms were made.
Before each experimen t, the organisms were divided into
severa l equa l a l i quots and varying amounts of LBTI were added
to dif ferent aliquots . One a)iquot , w ithout LBTI , was saved
as the contro l . The samples were kept in an ice bath during
the course of the experiment.

b. Vibrio cholerae, serotype I naba 5698. Exactl y the same p ro-
cedu res as described for E. call Strain 74-114 were employed
in the case of Inaba 569B , except that onl y one concen tration

-~~ - 
of LBTI was tested in a g i ven experiment.

C. Parameters of the il ea! l oop_ assay

The adult rabbit h ea l loop assay (16) was emp l oyed to measure the
secretory response to various (whale cell or cell-free) prepa rations of en tero—
toxin administered in the presence and in the absence of LBTI (Worthington
Corporation , Freehold , New Jersey). Some assays were perfo rmed to test the H
heat-stability of the enterotaxin. Male , New Zealand albino rabbits , weighing
about 2 kg, were deprived of food , but not water , for 48 hours prior to use. H
In a given test , 14—1 8 ligated segments were construc ted along the length of
the small intestines starting about 60 cm from the py lorus and ending abou t 30 cin
from the ilea l ceca l valve . The average segmen t length was about 9 cm. A l l
samp les (1 m l in volitne) were tested in duplica te: one sample in the uppe r half
and one samp le in the lower half of the length of int es tin es employed . When a
series of dilutions of a samp le were tested with and withou t a constant amount of
LBTI , paired dilutions were injected side by side , but the position of the
paired samp les was randomized both in the uppe r and l ower half of the intestines .

(continued)
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This p rocedure was adapted in order to take into account variable protease
levels in different reg ions of the intestines . When the dilution (of sample)
was constant and the LBTI concentration was varied , the series of samples
was random i zed in both the upper and lower ha l ves of the intestines . The
concentrations of LBT I emp loyed ranged from 0.O~i mg/m l to 5 mg/mi.

Ei ghteen hou rs after incubation of the loops in the closed abdomen ,
animals were sacrificed by injection of sodium pentoba rb i tol , and the small
intestines were removed . The vo l ume of fluid conta i ned in each segment was
determined , and the length of the empty segment was measured . The secre tory
respon se per l oop was expressed as the vo l ume-to- l ength ratio (mi/cm).

0. Ev i dence tha t E. coli strain 74—1 14 produces onl y heat-stable
enterotoxin

In order to determine whether the secretory response e l i c i t ed  by
ente rotox i ns derived from C. coli strain 74-114 could be attributed , in part ,
to heat stable enterotoxin , samples of cultu re filtrate were assayed (in the
Hea l loop test) before and after boiling (15 minutes) . Since the secretory
response to heat stable enterotoxin is maxima l at about 6 hours (17), ani mals
were sacrificed at 6 and 18 hou rs , respectively. Known heat-stable only
culture filtrates were emp l oyed as controls and they were also tested before
and after heat treatment. EPM served as a negative control.

The results showed tha t b oi l inq completely abolished the secretory
response to culture filtrate from E . call strain 74—1 14 at 6 hours and
at 1 8 hou rs (Table 6). In contrast , the ~ hour secretory response elicited
by two heat-stable only culture filtrates was reduced (relative to controls)
only by 15-287. after the same treatment (Table 6). These results suggested
that the heat-stable entero toxin strains either produced small amounts of hea t-
labile enterotoxin or that heat-stable ente rotaxin is partially sensitive to
heat. Neverthe l ess, the results confi rmed that the secretory response to
enterotoxiris derived from strain 74—114 could not be attributed to heat-stable
enterotoxi n.

E. The effect of_ Lima Bean Trypsin Inhibitor on the secretory res~anse
to heat—labile ente ratoxin from strain 74—114: Comparison of various
dilutions of culture filtrate wi th and without inhibitor

Culture filtrate from E. cal l strain 74— 114 (prepared as described in
Sec tion I I I , B. 1.) was tested for its ability to elicit a secretory response in
the presence and absence of LBTI. Undiluted culture filtrate and a series of
dilutions ranging from 1:2 .5 to 1:25 were each tested in the presence of
inhibitor , the concentration of wh i ch was varied (in each dilution) from 0.04
mg/m I to 5 mg/m l . In this series of studies , samples without inhibitor (undiluted
and diluted cu l ture filtrate) served as positive controls and EPM , wi th and
withou t inhibitor , served as negative controls. Only the hi ghest concentra t~jns
of inhibitor (I or 5 mg/mI) were tested in the negative controls and under

(continued)
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these conditions ,no secretory response was eve r observed (data not shown). H

The results showed that the secretory response to undiluted cu l ture
filtra te was not si gnificantly reduced when it was administe red in the presence
of from 0.04 to 5 mg/mI of LBTI (Figure 14)’. This observation was attributed
to the presence of pre-existing PF (approximately 80 BD4~~/ml). However, as
the pre-existing PF was diluted out , a significant reduction in the secretary
response was observed and i t appeared to be dose dependent up to LBTI concen-
trations of 1 mg/ml (Figure 14). Concentrations of inhibitor above 1 mg /m I
(i .e., 5 mg/ml) did not furthe r reduce the secretary response , wh i ch ind i cated
that the proteol ytic enzyme content of each l oop did not exceed 2.5 mg/mI2 .
Never theless , the data were consistent with the hypothesis that the reduced
secretary response was due to inhibition of intestina l proteolytic enzymes
(by LBTI) requ i red for activation of prototoxin.

As noted earlier (Table 3), the prototaxin content of culture filtra tes
from strain 74-114 was greater than observed in culture filtrates from other
strains and this may account for the g reater patency of the presen t ma terial.
Even though the PF titer of the undiluted culture filtrate was only 80 BD /ml ,
it was sti l l  capable of eliciting a secretory response at dilutions of
(Figure 14). This is in contrast to earl ier studies in wh i ch even l ower dilutions
of culture filtrates with hig her PF t it ers , but lower prototoxin content , were
i ncapable of el i c it ina secretory responses. Thu~ the actua l potency (vhs a vi~
secretory response) of E. call cu l ture filtrates may depend more on the proto-
toxin content than on pre—existing PF .

The fact tha t the secretory response was not comp letel y abolished
suggested tha t part of the response was not elicited by pro tease-activatab le
enteratoxin. This is consistent wi th the p resence In culture filtrates of
a soluble form of the enterotoxin (Section I , part F), wh i ch is either not
activated or onl y s l i g htl y activated by trypsin (Table I). Further , it is
possible tha t part of the residua l secretory response may be stimulated by
prototoxin activated after the effect of the inhibitor is overcom& .

Sti l l  another possible exp lanation for the res i dual secretory response
i nvo l ves the distribution of proteol ytic enzymes along the length of the intestines .
For examp le , when the data presented In Figure 14 were analyzed in terms of the
response elicited by a given sample (with and without LBTI) in the upper reg ion
of the intestines versus the l ower region , different dose response curves were
obta i ned: the range of inhibitor concentrations emp l oyed was more effective in
the upper region than in the l ower region (some representative da ta are presented
in Table 7). This obversation suggested tha t the protease content of the l ower
region was greater and therefore tha t mare inhibitor was required ( in  order to
ach i eve comparable levels of reduction in the secretory response in both upper

‘Each point in Figure 14 represents the mean of from 10 to 44 l oops.

2One mg of the LBTI p reparation emp l oyed in this study inhibited 2.5 mg of trypsin .

3Pre limina ry data indica te that the inhibitor is effective for onl y a limited
period of time . It is possible that it is eventually degraded or tha t it
is overcome by additiona l proteases secreted by mucosa l cells.

(cont i nued)
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and lower regions) . Experiments des i gned to determine the distribution of
proteolytic activity along the length of the intestines are presently in
p rogress .

F. The effect of Lima Bean Trypsin Inhibitor on the secretory response
to par t iall y purif ied E. call enterotoxin from strain 74-114.

The secretory response to partially purified insol ECT I , in sol ECT II ,
and sal ECT were each investigated in the presence and absence of LBTI (I mg/mi).
In this series of experiments , positiv e controls consisted of cholera toxin
(5 ~g/ml), with and wi thout LBTI (1 mg/mI), and negative controls consisted
of 0.067 M PBS with 0.1% gelatin (pH 7.4) , with and withou t LBTI (1 mg/mI)’.

The results showed tha t the secretory responses to insol ECT I and
insol ECT II were only partially reduced in the presence of LBTI , and that the
magnitude of the reduction decreased sli ghtl y wi th time (Figure 15). Since the
insol ECT preparations conta i ned neithe r heat stable enterotoxin nor pre—existing
PF2 , it was expected that a more dramatic reduction in the secretory response
would occur (in the presence of LBTI). This expectation was based on the
hypothesis that inhibition of trypsin-like intestinal proteases by LBT I wou ld
prevent prateolytic activation of insol ECT (considered to be pratatox i n) and
that this would result in a substantial reduction in at least the early (3 hr
and 6 hr) secretory responses . Ins tead , the secretory responses elicited in
the presence of LBT I ranged from abou t 58% (at 3 hours) to about 80% (at 18 hrs)
of cont rol va lues (Figu re 15) .

One possible exp lanation for these results may be that the test dose
of enterotox in was too large (insol ECT I was tested at 90 and i nsol ECT II
was tested at 30 ag). Alternatively , prototaxin may have been activated by
proteases which were either not exposed to or not susceptible to LBTI . Pre-
liminary data (not shown), in fact, indicates that prototoxin is bound by
GM1 gangl ioside in in vitro experiments. If this occurs in viva , then it is
possible tha t prototoxin , bound by mucosa l receptors , is subsequently activa ted
either by extrac ellular ar by intracellular proteases .

In contrast to the findings with insol ECT prepa rations , the secretory
responses to cholera toxin , tested at 5 pg,~~ re unaffected by LBTI (Figure 15).
Althoug h the magni tude of the secretory responses elicited by cholera toxin (at
6 hr and at 18 hr) was similar to those elicited by insol ECT I (at 6 hr and
at 18 hr), it is p lausible that the test dose of cholera toxin was also too
great to be affected by LBTI. The possibility exists , therefore , tha t the
secretory response to lesser amounts of cholera toxin (for examp le , 10 ng)
m igh t be affec ted in the p rese nce of LBTI .

In the case of sa l ECT , the reduction in the secretory response (in
the presence of LBTI) ranged from 697, (at 3 hr) to 96°!. (at 18 hr) of contro l
val ues (i.e ., in the absence of LBTI). Whether or not the early reduction in
the secre to ry response i s si gnificant wi l l  require further experimen ta l (and
statistical) evaluation . The slig ht reduction observed mig ht be due to the
presence of trace amounts of insol ECT II (Section I , part E).

‘No secretory response was elicited by the negative controls , with or withou t LBTI .

~The in sol ECT prepa rations exhibited little or no PF prior to treatmen t with
trypsin or exposure to intestina l enzymes .

(cont i nued)
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Finally, the time course of deve l opment of the secretory response
appea red to be simi lar i rrespective of the enterotoxin prepa ration or of the
presence of LBTI (Fi gu re 15). This observation suggests tha t the mechanism
of adeny l cyclase activation may be the same for the diffe rent forms of
E . coli enterotoxin and for cholera toxin , as w e l l .

6. The effect of Lima Bean Trypsin Inhibitor on the secretary response
to enteratox i genic E. coli and to V ibria cholerae

In order to determine the possible si gnificanc e of in viva proteolytic
activation of insol enteratoxin (prototaxi n) for pathogenicity , enterotoxic
strains were tested for their ability to elicit a secretory response in the
presence and in the absence of LBTI. E. call strain 74-114 was tested at cell
concentrations of 2-4 xlO8 wi th vary i ng amounts of LBTI , ranging from 0.04 mg/m I
to 5 mg/ml. The secretary responses elicited by the C. call samples were
compared to those elicited by Vibrio chalerae, serotype I naba 569B , wh ich was
tested at cell concentrations between 2x105 and 2xloe . In the case of Inaba
569B, howeve r , only the two hig hes t concent rat ions of LBTI we re emp loyed
(1 mglm l and 5 mg/ml , respectively) . In both cases (E. coil and Inaba 569B),
the organisms tested wi thout LBTI served as positive controls and the fina l
wash fl uids (Section Il l , part B. 5.) s erved as negative controls . The wash
fluids were selected for negative controls in order to rule out the presence
of extracel lular enterotoxin in the i nocu l um ; and in no instance was a secretory
response e l i c i t ed  by these controls.

Since erratic results were obta i ned in the upper half of the intestines ,
only the secretory responses in the lower half of the intestines were evaluated’
(see Sec tion I II , part C far the design of experiments) . The results , wh i ch
are expressed in terms of percent con tro l va l ues (i.e., the secretory response
el i ci ted by the orga ni sms in the absence of LBTI) , revea l ed that the secretory
response to enterotoxigenic C . ca l l  was si gnif icantl y reduced in the presence
of LBTI and tha t the reduction was dose-dependen t (Fi gure 16). In contrast ,
the secretory response to 2-3 logs less of cholera vibrios was not si gnificantly
affected at the highest concentrations of LBTI (Fi gure 16). The reduction in
the secretory response to C. coIl 74-114 could not be attributed to a bacteria-
cida l effect of LBTI since these organisms , like I naba 569B and Ogawa 395, grew
well in the presence of va ry ing amounts of LBTI (Table 8). The effect could ,
howeve r , be attributed to a reduction of enterotoxin production in the
presence of LBTI and this possibility is p resently under investigation .

I rrespective of whether the results are due to an inhibition of
proteolytic activa t on of E. co li protataxin by LBT I (in the intestines) or
al ternatively, due to a reduction in enterotoxin production , the resu lts , never-
theless , suggest tha t proteol ytic activation (whether in the organisms themselves
or in the intestines) may play an important role in the pathogenicity of en tero-
toxigenic E. coli strains. A consideration of the possible utility of appropriate
protease inhib itors as p rophylactics in the t reatment of C. call-mediated
diarrhea l disease may be ind icated .

‘In many i ns tances , the positive controls (C. coi l 74-114 and I naba 569B,
each without LBTI) did not elicit secretory responses in the upper half of
the in tes t ines , wherea s the same samp les in the same rabbits e l ic  ted fu l l
positive responses in the l ower half of the intestines.

(continued)
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H. Sumary of Section II I

It has been established tha t the enterotoxigenic C . coli strain ,
74—114 , and its heat-labile extracellu lar products , soluble and insoluble
ECT, are each capable of eliciting si gnificant secretary responses in the
liga ted rabbit l oop model for diarrhea . In addition , it has been shown that
such secretary responses may be partially reduced when the samp les are admini-
stered in the p resence of LBTI , an inhibitor of trypsin- like proteolytic
enzymes . The results suggest that in v ivo p roteol ytic activation of at
least one form of the enterotoxin (insolub l e) may play a role in pathogenicity ,
al though a conc l us i ve demonstration of this has been hampered by the i nab i1 i~~j
to contro l certain experimenta l variables . In addi tion , a comparative study
of C. coIl 74-1 14 and I naba 5698 indicates that the latter strain is at least
1 02_b a times more pathogenic . (Preli minary results with Ogawa 395, a mare
typ ica l cho lera v ibr io pa thogen i c s train , is in agreement with this observation.)
This fi nding is consistent wi th properties of various purified and partially
purifie d C. cali enterotaxin preparations which show a marked reduction in
specific activity when they are compared wi th cholera toxin.
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TABLE I. Distribution of he at-labi le E . cal l enterotox i ns (from strain
74—1 14) after Sephadex G-l50 ch romatography: effect of tryps in
activat lon on recoveries of soluble and inso Iub Ie ente rotox ’~s .

Form UNTREATED TRYPSIN-TREATED’
Strain of Vol. Recov .~ 

— 
Recov ~~

(Lot #) ECT Sample (ml) PP Tota l PF (%) PF Tota l PF 
— 

(%)

74—114 i nsol I Seph . G— I50; 145 40 5,800 6 >2560 ~37l ,20O —~45(3 ,4,5) Fr. 70—90

insol II Seph . G—1 50 ; 11 6 171 19 ,836 20 ~256U -.296,960 --.36
Fr. 95—1 10

Sol Seph. G— 150 ; 185 408 75,480 75 847 156 ,695 .19
Fr. 120—145 

_______ _______

101 ,116 >824,855

74-1 14 Insol I Seph . G—150 ; 11 2 <40 <4,480 <10 3618 405,216 47
(8) Fr. 70-85

I nsol II Seph . G—150 ; 88 26.4 2,323 5 2939 258,632 30
Fr. 90-100

Sal Seph. G—l50 ; 189 204 38,556 85 1076 2U3 ,364 23
Fr. 110-140 

______ _______

45,359 867,212

1 .100 ~g/m l trypsin (fina l concentration) , 1 hour , 37°C , followed
by addition of 50 ~g/m l Lim a Bean Trypsin Inhibitor

= BD4mm /ml

3 .Relative distribution of tota l enterotoxin recovered
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TABLE 2. Recoveries of soluble E . call enterotoxin after treatment with
QAE-Sephadex A-25 at pH 7.3’

Speci f ic
Adrena l cell3 Act i vf ty

Stra in Stage of V o l .  Protein2 act iv i ty  units (Units of act ivity \
(Lot #) Purification (ml) (~ g/ml) (pe r m l) ~g protein )

I97H Sartorius SMI173O 120 5700 106 175
(75 ,76L)4 filtrate

(<160,000 M.W.)

QAE Sup #1 120 1200 10° 833

Q4E Sup #2 120 734 106 1362

74— 114 Bio-ge l P60 12.7 2900 l0~ 35
(2) (pool of peak # 1

concentrated
from 40 m l)

QAE Sup. #1 12 .0 153 2.6xl 06 170

‘E qua l vo l umes of sample and QAE-A25 each equilibra ted wi th 0.05 M tris-HC 1 ,
pH 7.3, were mixed and shaken for 15 minutes at room temperatu re. The QAE
was remov’~d eithe r by settling or low speed sed i men tation. The process
was repeated unti l the yellow cast of the starting material disappeared .
Fina l concentration of QA E-A25 in each extraction was abou t 80 mg/mI.

2Dete rmined spectraphotometrically (Methods in Enzymology II I , Co lowick
and Kaplan , pg 453)

3The reciproca l of the last dilution of samp le which caused rounding of
>507. of the monolayers .

4This lot was induced wi th (250 ~g/ml) lincomycin (Levner et al ., Abs tracts
1 976 ASh Meeting, Atlantic City , N.J .)

LA ~~~~~~~~~~



TABLE 3. Protatoxin content of represen tative culture filtrates from
E. coil strains Hl97 and H74— 1 l4: comparison of PF activity
i n contro l and trypsin-treated samp l es

Fold
difference

Strain (Lot #) Control’ Trypsin-treated2 in PF

Hl97 (56) 113 �l280 >11
H197 (58+60) 76 387 5
Hl 97 (61+62) 394 1575 4

• Hl 97 (63) 160 618 4
11197 (67) 92 1470 16
11197 (77) 69 1040 15

1174—114 (1) 299 15 ,510 52
1174—114 (2) 75 6,299 84
H74—l1 4 (3,4,5) 46 12 ,600 274
H74—ll4 (3A) 63 4,303 68
H74—114 (6) 149 4,445 29
H74-l14 (8) 178 11 ,360 64

1One m l aliquots were i ncubated at 37°C for 30-60 minutes
with 50 ~ l of 0.05 11 amonium bica rbanate, pH 8.3, the
vehic le for trypsin. After incubation, 25 ~g of lirna bean
t ryps in inhibitor was added per m l of cu l ture filtrate .

2Fif ty ~g (in 50 ~ l) was added per m l of cultur e filtrate
and the solution was incuba ted at 37° C from 30-60 minutes .
After incubation , 25 ~g of l i ma bean t ryps i n in hib ito r was
added per m l of culture filtra te.
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TABLE 4. Compara tive Antigenicity of I nsol .~~ .. call Antigen ’
from Strain 74-114 before and afte r Treatment with Trypsin

___________ 
MEA N ANT 1 TOX I N RESPO~~ E (AU/H ~ ________

Choler.r Tc;~in CI~~1 ~~ E . c ]  I Io;~in C~~~I
Dose Weeks pos t— irumun I z~ t ion ~1ecks ros t— I I r . u f l  ~J t ion

0 6 8 0 b 8

Before 60 <2(7) <2 .0(7) 4 .6(7)~ nt 8.4(7) 473(7)
ac t iva t ion  (<2- 16)4 (<2—58) (1 1-5203)

- After 60 <2(8) 1. 2(8) 9. 1(8) nt 28 .1(8) 3016(8)
act ivat ion (<2-69) (<2—139) (801—35 ,735)

1Scc Section II , part B. 1. 
-

2The E. coil toxin chal1en~c emp loyed ~n this experimen t was a par t i a l l y
purified prepa ration of soluble E. cell entcrotoxin (68,000 molecular
we ight) from E. call stra in 74— 114 .

3TIic num ber in parentheses lndica t~ s rt~mber a sc ra tested

~ The rairnbers in F.arcntheses 1 ndic.ftc the rar~ e of val ues c-b~crved
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TABLE 6, Rabbit secretory responses to E. coIl cu l ture f i l t r a tes
before and ~fter heat treatment: comparison of heat—stable
and heat-labile ente rotoxins .

Secretory Response (mi /cm)
Cultu re 6 Hours 18 Hours

f i l t ra tes  Contro l Treated’ _Cantro l Treated’

74_l142 .73± .11 (8)~ 0 (8) 1.8± .06 (6) 0

B44 .32± .05 (8) .23± .04 (8) nt nt

18B .33± .05 (8) .28± .05 (8) nt nt

‘100° 15 minutes

2Cu lture f i l t ra te was lyophil ized before testing (Sec. II , part B . I.)

3Mean secretory response j standa rd error of the mean.
Number in parentheses indicates number of loops.
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IABLE 7. Effect of Li ma Bean Try ps i n I n h i b i tor on the secretory
response to culture filtrate from E. col i 74—114 as a
function of loop location: comparison of responses in
upper and lowe r ha l ves of intestines .

Dilution of Loop I Conc. Secretory Response AV. (Upper-i-
Cu lture fi ltr ate 1oc~it ion ~~q/~j) (mI/cm) lo~ cr 1 oops)

1:2 .5 upper 0 1.26 (13) 1 .46 (26)
.04 1.16 (6) 1.38 (12)
.2 0.80 (7) 1. 13 (14)

1. 0 0.65 (8) .78 (16)
5.0 0.20 (4) 

- 
.57 (8)

lower 0 1.66 (13)
.04 1.60 (6)
.2 1. 46 (7)

1.0 0.90 (8)
5.0 0.94 (4) ,“
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TAB LE 8. Effect of Lima Bean Trypsin Inhibitor on the
viabi l ity of enteratox i genic E. ca l l  and
V ib r i o cholerae

I Concentration of organisms
Strai n (mg/ml) — (col onies per ml)

E. call 0 l .55x l0
74-114 0.2 l.65xl 09

2.07x 10~
5 2 .l4x1 09

I naba 0 5.67xl0~
’

569B 0.2 5.70xl07
5.30x107

5 5.70x 10’

Ogawa 0 9.3xl07
395 0.2 9Jx107

1 l. 0x1 06
5 l.0x106

.
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PHI
Figu re 4. Standard acry l amide gel electrophoresis of soluble

enterotox in prepa rations.

Left: E. co l i 11197 so l uble enterotoxin preparation
(Sephadex G-75 void vo l ume peak (Fig. 3) after
chromatograp hy of Sartorius SM1I73O filtrat e
containing mo l ecules <160 ,000 da l tons)

Ri ght: E . co i l  74- 114 so lub le  enterotoxin prepa rat ion
(Sephadex G-75 void volume peak (Fi ’. 2) after
chroma tography of th ird Sep hadex G- 1 50 sal ECT
peak)
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Figure 5. Standard acry l am i de gel electrop horesis of soluble
enterotoxin prepa rations before and after treatment
wi th QA E-Sephadex A-25

From left to rig ht:

1) E . coli L1_ 197 soluble ECT preparation (Fig. 4) before QAE

2) E . co li H—1 97 soluble ECT preparation (Fig. 4) after QAE

3) E . coi l  74—114 soluble ECT preparation (Fi g. 4) before QAE

4) E . co il 74-114 solubl e ECT preparation (Fig. 4) after QAE

5) PAGE—purified soluble ECT.

S S S ~~~~~~~~ S~_ _5S ~- S — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 5 5  ~5S— _5~~ S ~~~~~~~~~~~~~~~~~~ ___ S S S —



38.

Fiqure 6. Standard and SDS acry lanide gel electrop horesis of PAGE-
purified soluble enterotoxin from s t r a i n  7 4 — 1 1 4 .

Left to r ight:

I) Standard gel of PAGE—purified sol ECT.

2) SDS gel of PAGE—puri fied ECT (in the presence of mercapto—
ethanol and after boiling for S mm .)

3) Same as (2) except with human serum albumin ( 70 ,00(1 da l tons) ,
carboxypeptidase ( 35 ,000 daltons) and l ysozyme ( 14 ,00o) .
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Figure 7. Double I I - l I l u n ( )d i  i Ius ion of SI-l ub l e E . c - l i  e n t e r - - t c x i n
and c ho le ra  t - x i n  a g a i n s t  E . co l i  a n t i t  >~in and c h c I o r a

S ant i t ox in .

Plates : Wells I ~~- 2, chc lera t x in (25 10 /1111)

Wells 3 & ~~~. E . c l i  ~4 — l l 4  3rd S~~~ ;iII~~Id~~ S > ~ 6 — 1 5 0
oak af ter  concen t r I  t I -n and bef re

QAE t r o a t l - c n t  —~~ r q ’ r l l
Wells 5 ~ I , same as 3 & cc~’t a f t e r  ne QAE

t l~~~ S I  (I Cfl t — -4 . 7 I ’ q /I  I

Left p late: Ch iera (g — at fl a nti U x~ n , di ut(-d I :2Y

Ri ght plate : E . C H  ( q - a t  ‘~2~ 22) a n l i t - x i n  und i I t e d

~~~~~ii.i ’ 
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~
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S
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Figu re 8. Standa rd acry lam i de gel electrop horesis of i nsoluble
enterotox in from s t ra in  74- 114 before and af te r trea tment
wi th  t rypsin.

Sample: I nsoluble ECT (I and II) from a Sephadex Gl50
co lumn (Fi gure 1) af ter  conce ntrat ion by
sedimentation (16 hr , 100 ,000 x g).

Left: Contro l - 100 Ml/m l amrnon i um bica rbona te buffer ,
37°C , 2 hr

Treated - 100 ~Vml t rypsin (100 ~g/m l , fina l
concentration) , 37°C , 2 hr
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5 -i~ 1 ‘~~~

14 
1 -

Figure 9. Standa rd acry larn ide gel electrop horesis of “purif ied”
inso luble enterotoxin (I) from strain 74-114 before and
after trea tment with t rypsin.

Sample: low speed sediment of inso luble ECT preparation
depicted in Fi gu re 8.

1) Left: Contro l - 100 ~ l/m 1 amonium bicarbona te buffer ,
37°C , 2 hr

2) Trea ted - 100 ~ l/m l trypsin (100 ~g/m l , fina l concentration) ,
37°C , 2 hr

3) Trypsin alone . 100 ~g/m l , 37°C , 2 hr

IL.
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Figure 11 . SDS Acry lamide gel electrophoresis of peak fractions
af ter Sep ha rose 4B chromatography of contro l and trypsin-
treated insoluble ente rotaxin , respectively.

From left to right:

1) Contro l enteratoxin (strain 74—114) — F r .  #8 , Sep harose 4B (Fig. 10) ,
with mercaptoethanol and boiling 5 minutes

2) Contro l enterotoxin (strain 74—1 14) - Fr. #8, Sepharose 4B
(Fig. 10) wi th no reducing agent , no boiling

3) Trypsin-trea ted enterotoxin (strain 74—114) - Fr. #8, Sepharose
4B (Fig. 10) , w ith mercaptoethanol and bo i l i ng  5 m inutes .

4) Trypsin—trea ted enterotoxin (strain 74-114) - Fr. #8, Sepharose
48 (Fig. 10), no reducing agent, no boiling.

5) PAGE—purified soluble en terotoxin (strain 74-114)
with me rcap toethanol and boiling.

ILl S
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Fig ure 12. Standard acry l amide gel electrop horesis of fractions
obtained after Sepha rose 4B chromatography of contro l and
trypsin—treated i nsoluble enterotoxin , respectivel y.

From left to right:
I) control enterotoxin (strain 74-1l4)—Sepha rose 4B Fr. #8)
2) ‘‘ ‘‘ ‘‘ Fr.#ll)See Fig. 10
3) H H ‘‘ Fr.#2l)

4) trypsin-treated enterotoxin (strain 74—11 4)—Sepharose 4B ,
Fr. #8) -

5) ditto Fr. #10) See
6) ‘‘ Fr. #18) Fig. 10
7) ‘‘ Fr. #21) -
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